A dependency of the R% and the maximum capacity of sorbent (qmax) was verified.
Introduction
Many industries discharge colored effluents into environments and water recourses. Chemically synthesized dye is widely used as a pigment to color final products. Synthesized dye effluents are highly toxic to aquatic life. They reduce light penetration into water while decreasing the efficiency of photosynthesis in aquatic plants. Thereby, it has an adverse impact on their growth. Besides, some dyes may cause allergy, dermatitis, skin irritation, or cancer to humans in addition to being mutagenic. 1 Methylene blue (MB), which is one of the most commonly used thiazine dyes, 2 has wider applications, which include coloring paper, a temporary hair colorant, dyeing cottons, wools, coating for paper stock, etc. 3 These hazardous effluents, thus need to be treated before being discharged into the environment. A wide range of procedures for removing synthetic dyes are based on decolorization through an adsorption process. 1 Activated carbon is the most employed sorbent to remove dye from an aqueous solution because of its excellent adsorption properties. 4 However, the extensive use of activated carbon for removing dye from industrial effluents is very expensive, limiting its large-scale application in waste water treatments. 1, 5 Therefore, there is a growing interest in finding alternative low-cost, easily available sorbents for removing dye from aqueous solutions. Such materials can be used once, and then disposed by burning them as fuel. 6, 7 Biomass is a successful alternative sorbent for this purpose due to its powerful potential for removing pollutions from aqueous solutions. 5 A variety of biomass has been used to remove dye from waste waters, 6, 7 especially for MB. 1, 8 In this study we introduced Platanus tree leaves as a new biosorbent because they do not have any economic use and is inexpensive and readily available. 1, [6] [7] [8] This study verifies the potential of Platanus tree leaves for the successful accumulation of MB and its maximum removal in a batch adsorpting system. To achieving the optimized criterion to maximize the removal of dye through a biosorption process, a multivariate optimization was performed. 9 This kind of techniques are faster, more economical and effective than the traditional "one-at-a-time" way, because they make it possible to understand circumstances, not explained by the traditional approaches, such as interactions between the variables that influence the analytical response. [10] [11] [12] Owing to this fact, many variables, such as the pH, initial concentration of dye (Cd), amount of sorbent (m), shaking speed, contact time and temperature may influence the removal efficiency of the biosorption process. 1, 13 In this study, according to previous experiences, 14, 15 the influence of the main variables, such as the concentration of dye, amount of sorbent and pH of the solution on the MB biosorption process by Platanus tree leaves has been screened by using a full factorial design. 1, 16 The response surface methodology (RSM) through performing a Doehlert matrix design has led to finding an empirical model. [9] [10] [11] [17] [18] [19] [20] The model clearly describes the relation between the removal percent (R%) and the capacity of a biosorbent (q) of MB with main effective variables and their interactions. 15 According to Derringer's desirability function, the simultaneous optimization of R% and q were carried out. Platanus tree leaves were successfully used as a novel sorbent for removing of methylene blue (MB) dye from aqueous solutions. A 2 3 full factorial design was performed for screening of the main factors. The pH, initial concentration of dye (Cd) and amount of sorbent (m) were considered to be the three main factors at two different levels. It was found that all these factors and their interactions were significant at a certain confidence level (p < 0.05). Doehlert response surface design was applied (13 runs) for a further inspection of the main factors effect, which led to an empirical model. An analysis of the variances (ANOVA) and relevant tests, such as lack-of-fit and residual probability plot, confirmed the validity of the suggested model. A desirability function was used for the simultaneous optimization of both the removal efficiency (R%) and the maximum capacity of the sorbent (q). Plots of the response surface, through visualization of the suggested model, clearly showed the interactions between the main variables and their effects on the response. of Arak Industrial City in the center of Iran. The leaves were washed several times with doubly distilled water, and left to dry at room temperature. Then, Platanus tree leaves were well ground in a blender, and sieved to 40 -50 mesh, then stored in plastic bag for future use. The MB, or basic blue 9 dye (3,7-bis(dimethylamino)phenothiazin-5-ium chloride) was from Merck, and used as received. All chemicals used were of analytical reagent grade and were from Merck. Triply distilled water was used throughout the procedures.
Optimization of Removal of Methylene Blue by

Methods
Stock solutions of MB were prepared in triply distilled water. All working solutions were prepared by diluting the stock solution with distilled water to the needed concentration. The effect of the pH on the MB biosorption was studied at room temperature by varying the pH of the MB solution. The pH of the solutions was adjusted with aliquots of 0.1 mol L -1 of HNO3 and NaOH by making use of a digital pH meter (Metrohm 691).
MB batch biosorption procedure
Batch experiments were carried out under the following conditions: The biosorbent was suspended in solutions containing MB whose concentrations were set according to the experimental design methodology. The dosage of a biosorbent was in the range of 0.05 -0.3 g in a 10 ml solution. A biosorbent/dye suspension was agitated (300 rpm) at 25 C. The pH, amount of sorbent (m), and initial MB concentration (Cd) employed are given in Table 1 . Samples were collected after 1 h. The samples were centrifuged at high rate (300 rpm), and the remaining dye concentration in the supernatant solution was measured by UV-vis spectrophotometer Cecile 3000.
The removal percent (R%) and the amount of the adsorbed dye (q) by biomass from aqueous solution were determined by the Eqs. (1), and (2), respectively:
where Ci (mg L -1 ) is the initial concentration, Cf (mg L -1 ) the final concentration of the MB in the solution, q the amount of dye up taken by the biosorbent (mg g -1 ), V the volume of the solution (L) and m the weight of biomass (g).
Data analysis
Statistical calculations were performed by using Minitab statistical software Ver. 14 and JMP software Ver. 7. Algebraic calculations were preformed by using Maple Ver. 9.5.
Results and Discussion
Identifying effective variables
The removal of MB by Platanus tree leaves from an aqueous solution through a biosorption process in a batch system was investigated. According to a preliminary experiment and previous studies, 8, 13 the amount of removed dye (R%) capacity of the sorbent (q) depends on the acidity of the medium (pH), the initial MB concentration (Cd), and the biosorbent dosage (m). Other variables, such as the speed of agitation and the temperature were kept at 300 rpm and 25 C, respectively.
A full 2 3 factorial design through 9 runs employed for the screening of effective variables and their interactions and the matrix design is given in Table 2 . The factor levels were coded as -1 (low), 0 (central point) and +1 (high). The main effects and interactions between the factors were determined, which represent the deviations of the average between low and high levels for each one of them. When the effect of a factor is positive, removal efficiency increases as the factor is changed from a low to high level. In contrast, if the effects are negative, a reduction in the removal efficiency occurs for a high level of the same factor.
The regression coefficients, the standard errors and the effects are given in Table 3 . In the case of changes in the initial concentration of MB (Cd) from high to low level results in a 17.1% increase in the removal efficiency. If an increase from a low to high level is made for the pH and the amount of biosorbent (m), respectively, 19.0 and 55.1% increases in the removal efficiency are observed.
This effect of the amount of sorbent is due to the fact that increasing the amount of the sorbent increases the available adsorption sites, which remain unsaturated during the removal process. 13 Thus, the amount of sorbent (m) plays a major role in the removal of MB, compared to two other factors i.e., the pH and the initial concentration of the dye (Cd). Since the MB is a cationic dye, as the pH increases the competition between protons and the dye for the same functional groups decreased. 21 Also, as expected, increasing the initial concentration of dye decreased the adsorption rate. Thus, changing it from 500 to 1000 mg L -1 , resulted in a decrease of the removal efficiency to about 17.1%. At higher concentrations, the adsorption efficiency decreased due to the saturation of all adsorption sites. 16 Taking the above descriptions into consideration, in order to evaluate each factor and its interaction well, a normal probability plot of standardized effects for biosorbent was plotted. When the effects show a large deviation from the normal distribution, they probably are significant and are obviously not related to experimental random errors.
11 Figure 1 illustrates the interaction between the main factors, and reveals that there is an interaction between m and pH, m and Cd, pH and Cd. The presence of this interaction means that factors may affect the response factor (R%) interactively, and not in an independent way, i.e., their combined effect is greater or less than that expected for the straight addition of the effects.
22,23
A Student's t-test was employed to determine whether the calculated effects were significantly different from zero. It was observed that for a 95% confidence level and 10 degrees of freedom (df), the t-value was equal to 2.2. These evaluations are illustrated by means of Pareto charts in Fig. 2 . The vertical line indicates the minimum statistically significant effect magnitude for a 95% confidence level. All of the standardized effects, which were located at the right of the vertical line, were significant. 1, 11, 15, 16 Thus, m, pH and Cd were determined as effective factors in the biosorption of MB dye. All of the above considerations have been repeated for the capacity sorbent uptake (q). Since the obtained response for q did not obey the criterion for a regression analysis in finding a proper model, a reverse transformation of q has been performed, 10, 11 and further an investigation was continued with 1/q.
Using Doehlert response surface design in optimization
For a further inspection of significant variables and their interactions, a Doehlert response surface methodology was employed to achieve a suitable model and verifying the optimization conditions. [17] [18] [19] [20] Under the best conditions the highest removal dye (maximum capacity of biosorbent uptake) from aqueous solutions were achieved. The values in the Doehlert design are given in coded units, and should be decoded to real values. Decoding was performed according
where xi and zi are the values of the factor of interest in coded and uncoded (real) form with the maximum and minimum values represented by xi max and xi min (xi max = -xi min ) for the coded form and zi max and zi min for the real form, respectively. 15 Table 3 clearly indicates that the amount of sorbent (m) is the most important variable for the overall optimization of the batch biosorption procedure. Thus, seven levels were chosen for m and five and three for pH and Cd, respectively. The experimental set up was carried out in 13 runs (duplicate) according to Table 4 . Appropriate models were found using regression analysis. The estimated effects and coefficients for the suggested models are given in Table 5 . The suggested empirical models for the both removal efficiency (R) and the inverse capacity of the sorbent uptake (1/q) are:
1/q = -0 .0367 + 0.00599pH + 0.584m + 0.000077Cd - An analysis of the variance (ANOVA) revealed that this regression is statistically significant at 95% confidence level. Table 6 gives ANOVA results for the suggested model ( Eq. (4) ). The lack of fit of these models is not statistically significant when P < 0.05 (P-value = 0.673). R 2 = 99.9% means that 99.9% of the total variation around the average is explained by regression.
The equality or homogeneity of the variances was also checked by using Bartlett's and Levene's tests. 10 The distribution of the residual values, defined as the differences between the predicted (model) and the observed (experimental) ones, should also be examined. A normal probability plot of residuals for removal efficiency of MB was plotted, which shows how closely the set of observed values follow a theoretical distribution. Plots of the dye removal percentage versus residual value indicated that all points were found to fall in the range of +0.6 to -0.6. This shows that there is no outlier.
11,15
Optimum conditions and response surface
By utilizing the Maple toolbox software, the maximum R% was found to occur at pH = 4.3, m = 0.24 g, Cd = 702.0 mg L -1 . These results correspond to a 99% removal efficiency. A visualization of the predicted model equation can be obtained by a response surface plot. The response surfaces were also drawn (Fig. 3) as three-dimensional plots of two factors, while the others were kept constant. Usually, the constant variable was chosen at its middle level (zero point). It is possible to find the optimum region through a visual inspection of the surfaces. These surfaces also clearly show the interactions between the factors: pH × m, pH × Cd, m × Cd (Fig. 3) .
In the biosorption process both the removal percent (R%) and the adsorbent capacity (q) could be obtained. Simultaneously, the approach of these two responses should be interesting for achieving the optimum criteria. According to Derringer's desirability function, a simultaneous justification of two responses is available. [10] [11] [12] 24 In order to obtain a global response reflecting such criteria as R% and q, the optimum conditions were determined by Derringer's desirability function (D), with a maximum value of 1.0. [24] [25] [26] This function is the geometric mean of the individual desirability function (d), and starting from the graphical representation and it is possible to find the simultaneous optimization of several responses.
26 Desirability (D) and individual desirability function (d1) were calculated, according to the following equation:
where m is the nimber of responses studied in the optimization process.
The desirability approach consists of the following steps: 1, conduct experiments and fiting response models for all responses; 2, define individual desirability functions for each response; 3, maximizes the overall desirability with respect to the controllable factors. 27 The JMP software Ver. 7 was employed in order to find the optimum condition. However, we did not find suitable response model for the adsorbent capacity (q). Thus, the transformation inverse of the adsorbent capacity (1/q) was performed. Figure 4 shows a profile of simultaneous optimization efficiency (R%) and the inverse of the adsorbent capacity (1/q). The obtained results show the optimum conditions for a simultaneous justification of the maximum removal of the dye, also maximum capacity of the biosorbent are pH 6.4, m = 0.18 g, Cd = 1000 mg L -1
. These results correspond to R = 96.93%, 1/q = 0.018 g mg -1 , q = 55.5 mg g -1 , and the desirability value (D) is 0.85.
The comparison of the maximum sorption value (qmax) obtained in this study with other sorbent in the literatures, 28, 29 show that the sorption capacity of Platanus tree leaves to uptake MB is reasonable and sufficient for a successful biosorption process. This is due to some advantages of Platanus tree leaves as a biosorbent, such as abundance, facile biological available, very low cost and no necessity for generation because it can be burnt with sorbed dye as a source of energy. 28, 29 This sorbent has no major limitation, except that, it may not be grown in some areas.
Conclusions
Platanus tree leaves were shown to be a potentially powerful and low-cost biosorbent for removing MB from aqueous solutions. Since the factorial experimental design reduces the significant number of experiments, it allowed to identify m, pH, and Cd as being the most important parameters for the biosorption of MB dye under the tested conditions. Doehlert response surface led to finding an appropriate empirical model for both R and q. The dependency of the maximum removal and capacity of the biosorbent through applying a desirability function was shown. The best conditions for optimizating these two responses were found.
